INTRODUCTION
Adenosine acts as a paracrine agent to inhibit lipolysis in white adipose tissue cells. This effect is mediated through an A1 type of adenosine receptor coupled to the guanine-nucleotide-binding protein (G-protein) G, (Londos et al., 1980; Murayama & Ui, 1983; Olansky et al., 1983; Moreno et al., 1983) . Binding of Alreceptor-specific agonists to white adipocyte plasma membranes has been demonstrated (Trost & Schwabe, 1981; Chohan et al., 1984; Malbon et al., 1985) .
In brown adipose tissue, activation of lipolysis by noradrenaline released from sympathetic nerve terminals is regarded as being an essential early event in the stimulation of thermogenesis (Nicholls & Locke, 1983 Cannon & Nedergaard, 1985) . In this tissue also, adenosine has been shown to inhibit lipolysis, thereby diminishing the stimulation of brown adipocyte respiration by noradrenaline (Szillat & Buckowiecki, 1983; Schimmel & McCarthy, 1984; Woodward & Saggerson, 1986; Schimmel et al., 1987; .
In earlier studies from this laboratory, it appeared likely that the A1 adenosine receptor agonist N-L-phenylisopropyladenosine (PIA) was a more effective inhibitor oflipolysis in white adipocytes than in brown fat cells. In the present study we have demonstrated this directly. Following this we have investigated the binding of the selective A1 receptor antagonist 1,3-dipropyl-8-cyclopentylxanthine (DPCPX) and of the agonist PIA to plasma membranes isolated from both white and brown adipocytes. Differences in the characteristics of binding between the two cell types are demonstrated.
MATERIALS AND METHODS Chemicals
Chemicals were obtained and treated as described by Honnor & Saggerson (1980) and Woodward & Saggerson (1986) . In addition, PIA, NECA [5'-(N-ethyl) International (Little Chalfont, Bucks., U.K.).
Animals
The animals used were 6-week-old male Sprague-Dawley rats (160-180 g) bred at University College London. All animals had constant access to drinking water and to Rat & Mouse No. 3 Breeding Diet (Special Diet Services, Witham, Essex, U.K.) which contained (by wt.) 21 % digestible crude protein, 4% digestible crude oil and 39 % starches and sugars. The light/dark cycle was 13 h/il h, with light from 06:00 to 19:00 h.
Isolation of adipocytes
White adipocytes were isolated from epididymal adipose tissue essentially as described by Rodbell (1964) . Brown adipocytes were isolated from the interscapular depot of the same animals (Woodward & Saggerson, 1986 ) by the procedure originally described by Fain et al. (1967) and elaborated by Nedergaard & Lindberg (1982) .
Preparation of adipocyte plasma membranes
Brown or white adipocytes isolated from several rats were broken in ice-cold 0.25 M-sucrose/10 mM-Tris/HCl/2 mm-EGTA (pH 7.4) using a Potter-Elvehjem glass homogenizer fitted with a Teflon pestle (6 up-and-down strokes at 500 rev./min and radial clearance of 0.2 mm). The resulting homogenates were fractionated by the method of Belsham et al. (1980) , which employs density-gradient centrifugation in Percoll. Finally, the membrane preparations were suspended in 50 mM-Tris/HCI buffer (pH 7.4) containing 1 mM-MgCI2 ('Tris/Mg buffer') and stored at -70°C until required. The protein contents of these preparations were measured by the method of Lowry et al. (1951) using bovine serum albumin as a standard. The degree of purity of white adipocyte plasma membrane preparations has been discussed previously (Chohan & Saggerson, 1982 
Measurement of lipolysis
Portions of the brown or white adipocyte preparations were incubated with shaking at 37°C in 25 ml silicone-treated flasks containing 4 ml of Krebs-Henseleit (1932) saline, 4% (w/v) fatty-acid-poor albumin, 5 mM-glucose and adenosine deaminase (1 unit/ml). Other additions are indicated in the legend to Fig. 1 .
The gas phase was 02/CO2 (19: 1). After 60 min the flask contents received HCI04 to a final concentration of 6 % (w/v) and were neutralized and treated as described by Fernandez & Saggerson (1978) . Neutralized extracts were assayed for glycerol by the method of Garland & Randle (1962) .
Measurement of radioligand binding to plasma membranes
The procedure was essentially as described by Chohan et al. (1984) . Plasma membranes in Tris/Mg buffer (0.2 mg of protein/ ml) were preincubated with adenosine deaminase (3 units/ ml) for 10 min at 30°C before being used immediately. Saturation and competition data for radioligand binding were analysed by a non-linear weighted least squares curve-fitting procedure using a search-type minimization method (Colquhoun, 1971) . On input of data as means+ S.E.M., the programme provided estimates of Kd and Bmax and, in the case of competition curves, non-specific binding. Statistical analysis to assess the appropriateness of one-or two-site models of binding was performed using a partial F test (Munson & Rodbard, 1980) .
RESULTS AND DISCUSSION
In the presence of a high concentration of adenosine deaminase (1 unit/ml) to remove endogenous adenosine, brown and white adipocytes isolated from the same animals were exposed to sufficient noradrenaline to activate lipolysis to 90 % of its maximum rate. As commented on previously ) white adipocyte lipolysis is more responsive to low concentrations of noradrenaline, so that 30 nm and 110 nM concentrations of the neurotransmitter were needed to achieve 90 % stimulation in the white and brown cells respectively. Fig.  1 shows the dose-response curves for inhibition of lipolysis by the A, adenosine receptor agonist PIA. In the case of white adipocytes, 50 % inhibition was achieved with 2.5 nM-PIA, and higher concentrations (0.1-1 -M-PIA) caused up to 95 % inhibition of the process. By contrast, a significantly higher concentration of PIA (7.5 nM) was required to inhibit brown adipocyte lipolysis by 50 %, and maximally effective concentrations of the agonist (1-10,M-PIA) only inhibited the process by 80% .
DPCPX has been shown to be an adenosine receptor antagonist with high selectivity for the Al rather than the A2 type of receptor (Lee & Reddington, 1986; Bruns et al., 1987) . As shown in Fig. 2, this compound bound to both brown and white adipocyte plasma membranes with the characteristics of a single class of site (Figs. 3a and 3b) . Approx. 10-15 % of the DPCPX binding was accounted for by non-specific binding in white adipocyte membranes (Fig. 3a) , whereas this value was higher (approx. 40-50 %) in membranes from brown fat cells (Fig. 3b) (Fig. 4) . In this case 47 % of the receptors were in a high-affinity state, and the directly measured values for the binding parameters (Kdl = 0.45 nm and K,2 = 25 nM) were in reasonable agreement with those calculated from the competition study (Fig. 3 a) . It is noteworthy that Ramkumar & Stiles (1988) (Figs. 3 a and 3 b) . Dithiothreitol alone did not have any effect on the displacement curves in the absence of GTP, nor did it alter the binding of DPCPX (results not shown). Table 1 shows that a single-site displacement model was preferred by the F test when GTP (with dithiothreitol) was present and, for white adipocyte membranes, the calculated Kd value for PIA of 9.6 nm was similar to the low-affinity Kd value in the absence of GTP. In the case of membranes from brown adipocytes, again a two-site displacement model was preferred with PIA alone, with a single-site model in the presence of GTP (and dithiothreitol (Table 1) . The effect of dithiothreitol was investigated further in the experiment shown in Fig. 6 . As found with rat brain membranes (Lohse et al., 1984) establish whether the data presented here could reflect the presence of different subtypes of the A1 receptor in the two adipocyte types. In this regard, it is noteworthy that the brown adipose 8l-adrenergic receptor differs pharmacologically from that found in white adipose tissue (Arch et al., 1984) .
We have also found that dithiothreitol substantially enhances guanine nucleotide effects in the adipocyte membrane systems. At present it is not known whether this phenomenon may be observed in membranes from other tissues.
